Abstract. Subcritical water extraction (SWE) of lycopene from tomato waste and antioxidant activities was studied with response surface design. The optimal extracting conditions were identified as follows: 10g tomato waste sample with 73.8 ml double-distilled water, extraction temperature 192.01°C, and extraction time 15.80 min. The average extraction yield of lycopene amounted to 282.36 μg/g, whereas the extraction yield with Ultrasound microwave assisted extraction (UMAE) for three times was 207.63 μg/g. The DPPH free radical scavenging activity of lycopene was better than that of BHT. All these results indicate that SWE could be a more attractive eco-friendly alternative extract method with a good efficiency in the future.
Introduction
Lycopene is one of most important commercial and medicinal plant pigments found in nature. Epidemiological studies support the correlation between lycopene serum levels and decreased risk of various cancers, especially cancers of the prostate, lung, and stomach [1] . Men diagnosed with prostate cancer were reported to display lower levels of lycopene in their plasma, indicating a possible correlation between lycopene and prostate cancer. Lycopene could reduce oxidative stress as it reduces the activation of inducible nitric oxide synthase. So lycopene attracts considerable attentions as pharmaceutical components recently for that lycopene could play a role in cancer prevention or cardiovascular health [2] .
Lycopene is accumulated in photo-synthesis pigment-pigment complex of plants and can be most easily seen in ripe tomato, watermelon, pink grapefruit, guava and papaya, giving them a characteristic red color. Tomato and tomato products are the major sources for lycopene production. The main part of tomato is used for the conversion to products such as tomato juice, ketchup sauce, paste, pulp and powder, and then generates significant amounts of waste, consisting mainly of tomato skins and seeds. Some studies have found that tomato skins contain up to five times more lycopene than the pulp. So far, several methods have been introduced for extracting lycopene from tomato waste, such as organic solvents extraction, supercritical fluid extraction [3] , ultrasound assisted extraction, and ultrasound and microwave assisted extraction (UMAE) [4] . The conventional method for extracting lycopene from tomato uses non-polar organic solvents, such as hexane, chloroform, ethyl acetate, and acetone. However, these solvents cannot be used in food products, and the yield in most cases is low possibly due to the difficulty for the solvent molecules to penetrate the tomato peel tissue and solubilize the pigment, while oxidative degradation of lycopene is also possible.
Subcritical water extraction (SWE) is another way [5] . Subcritical water could be an excellent alternative medium for extracting nonpolar compounds due to its temperature-dependent selectivity, environmental acceptability, efficiency, and lower cost [6] . Water is normally used at a temperature below the critical value of water (374 °C) but above 100 °C and at a pressure that is sufficiently high to maintain the liquid state. The extraction typically takes 5 to 30 min when using only distilled water as the solvent. The present study aimed to determine the optimal conditions for SWE of lycopene from tomato waste by investigating the effects of varying the following parameters: extraction temperature (110-190 °C), extraction time (5-30 min), and ratio of water to material (1:1-9:1). And the efficiency of SWE was compared with results of UMAE.
Materials and Methods

Materials
Tomato processing waste, composed of skin and seeds of tomato, was collected from a XuZhou tomato processing plant. Tomato waste material was air dried at 25 °C for easy to storage, and finally ground in a laboratory mill equipped with a 0.5 mm sieve. Moisture content of ground tomato waste was 18.39 ± 0.57%. The ground material was kept in glass jars at 2-5 °C until use.
Lycopene standard (⩾98%) was purchased from ShangHai PureOne Biotechnology Co. Ltd. (Shanghai, China). 2,2-diphenyl-1-picrylhydrazyl (DPPH) was purchased from Sigma-Aldrich (Darmstadt, Germany). Hexane, chloroform, ethyl acetate and acetone, analytical grade, were purchased from Sinopharm group pharmaceutical Co. Ltd. (Shanghai, China). Double-distilled water was used in all the steps.
Lycopene Extraction with Subcritical Water
Extraction experiments were performed in a pressurized static reactor with a cell volume of 100 mL (YZSR-100, Shanghai Yanzheng Experimental instrument Co. Ltd., Shanghai, China). 10 g of tomato waste sample and some double-distilled water were added to the stainless steel extraction cell and purging was conducted for 1-2 min before extraction with nitrogen gas, then heating and extracting for some time. The mixture was centrifuged 4000 × g for 15 min to separate the supernatant. The effect of key parameters for extraction was firstly evaluated through the single factor experiments by varying the temperature (150-200 °C), extraction time (5-30 min), and ratio of water to material (1:1-9:1) and so on. The final extract was measured the Absorbance at 485 nm to determine lycopene content by spectrophotometry (TU1810, Beijing Purkinje General Instrument Co., Ltd. Beijing, China). On the basis of results above, the optimization of extract process were created by response surface methodology with the Box-Behnken design with three factors including extraction temperature (A), extraction time (B), and ratio of water to material (C) [7] . The experiments design consisted of 17 experimental points including 5 analyses as central point replications were shown in Table 1 . The 17 sets of experiment were performed in a random order in order to minimize the effects of the uncontrolled factors. A multiple regression analysis was performed on experimental data.
Lycopene Extraction with Ultrasound and Microwave
UMAE experiment was carried out with ultrasonic and microwave extraction apparatus (CW-2000, Shanghai Xintuo Microwave Decomposition and Testing Technology Co. Ltd., Shanghai, China). An open microwave with maximal power of 800 W at a frequency of 2450 MHz, and an ultrasonic transducer with a fixed power of 50 W at a frequency of 40 KHz was used simultaneously to extract lycopene from tomato waste. 10 g of sample was added into the flask with 73.80 ml mixture solvent of chloroform and acetone (2:1), then connect it with condensing tubes, and set the program of the parameters (microwave power 500 W and extraction time 90 s). When the extraction completed, the flask was removed from apparatus and cooled to room temperature quickly, the mixture was centrifuged 4000 × g for 15 min to separate the supernatant. And then the residue was extracted repeatedly for 2 times with the same condition. These extracts were combined, and the volume and the lycopene content were measured.
Determination of Lycopene Content in the Extracts
The lycopene content of the extracts was determined with UV-VIS Spectrophotometer and the extract yield was expressed as μg of total extracted lycopene per g of dry material weight (μg/g). 10 mg of pure lycopene was completely solved in 50 ml of chloroform (as solvent), and then it was diluted and the standard concentrations from 0 to 3.0 μg/ml (0, 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0) were prepared; afterward the absorption of each of these concentrations were determined in a spectrophotometer at a wavelength of 485 nm and the absorption curve was plotted based on the concentration (R 2 = 0.9966), according to that curve, Eq. 1 was obtained.
A=0.2282C+0.0253
(1) where A is the absorption value of extract and C is the lycopene concentration (μg/ml).
DPPH Free Radical Scavenging Activity
The scavenging activity of 1, 1-diphenyl-2-picrylhydrazyl (DPPH) radical was measured according to the method of Stoilova with some modification [8] . Briefly, a 0.1 mM solution of DPPH was prepared in ethanol and 1 ml of this solution was added to 2.5 ml of lycopene extract at different concentrations. These solutions were vortexed thoroughly and incubated at room temperature in the dark and after 30 min the absorbance was measured at 517 nm against blank samples lacking scavenger. The inhibition rate was determined by the following formula: I%=100-{[(Abs. sample-Abs. empty sample)×100]/Abs.control}, where empty samples -1 ml ethanol + 2.5 ml from various concentrations of lycopene extract; control sample -1 ml 0.1 mM DPPH + 2.5 ml ethanol. The IC50 value represented the concentration of the compounds that caused 50% inhibition of radical formation. One synthetic antioxidant, BHT, was used as positive control.
Results and Discussion
Lycopene Extraction with Subcritical Water
It is very important to adopt appropriate extraction condition for stability and bioactivity preservation as well as process optimization of lycopene. All extraction experiments have been carried out according to the design, and process parameters were optimized for maximum extraction. The results of response surface experiments with the Box-Behnken design were shown as table 1. Design-Expert® Version 8.0.6 software (Stat-Ease Inc., USA) was used for the generation and evaluation of the statistical experimental design. All the statistical analyses and the effect of variables and their interactions were assessed by analysis of variance ( Table 2) .
The model fits the data very well with the Model F-value of 55.84 and an R 2 value of 0.9863. The lack-of-fit of the model is insignificant with a p-value 0.1877 and the overall model is significant with the p-value less than 0.0001. From the obtained results, the individual factors A, B, C, and the second order actors A*A, B*B, C*C showed a statistically significant influence, all the interaction factors AB, AC, BC were found to be insignificant in the studied range. The analysis of variance was optimized by removing all the interaction factors AB, AC, BC, then the model F-value was increased from 55.84 to 98.43, and the lack-of-fit F-value was reduced from 2.62 to 1.73. The optimized second-order polynomial equation is represented as Eq. 2. Y = -13668.30+140.87A+35.19B+66.11C-0.37A*A-1.03B*B-4.28C*C (2) According to the model, the optimum extraction conditions for lycopene were identified as the follows: 10 g tomato waste sample with 73.8 ml double-distilled water (ratio of water to material as 7.38:1 (ml/g)), extraction temperature 192.01 °C, and extraction time 15.80 min. The lycopene extraction yield would be amounted to 280.89 μg/g of dry tomato waste sample. The experiment with optimized extraction conditions was carried out for three times. The average extraction yield of lycopene was 282.36 μg/g, and the relative error was 0.53% with the prediction value. The results indicate that SWE is a reliable accurate method with the Box-Behnken design.
Comparison with UMAE
We know that UMAE is a complementary technique and may present some more advantages in natural bioactive compound extraction. The extraction experiment was carried out with optimized parameters which were identified by response surface experiments as the follows: chloroform and acetone (2:1) as solvent, ratio of solvent to material as 7:1 (ml/g), microwave power 500 W coupling with ultrasound power 50 W, and extraction time 90 s. The total extraction yield of lycopene for three times with UMAE was 207.63 μg/g, only 73.92% of the lycopene extraction yield with SWE. And the solvent of subcritical water extraction was only distilled water, which was environmental acceptability, efficiency, and lower cost. The results indicate that subcritical water extraction could be an excellent alternative method with a good selectivity due to its temperature-dependent selectivity.
DPPH Free Radical Assay
DPPH analysis is one of the tests used to prove the ability of the components of plant extracts to act as donors of hydrogen atoms. The obtained results are shown in Figure 1 . A rapid increase in free radical scavenging ability of lycopene extract was observed with its increasing concentration, which indicated that the scavenging activity on DPPH free radical has obvious dose-effect relationship of concentration. The inhibition to DPPH free radical reached up to 90.52% at concentration 93.03 μg/ml, and its IC50 was 20.70 μg/ml compared with the IC50 of BHT of 58.25μg/ml. These results suggested the lycopene extract has a significant effect in inhibiting DPPH free radical.
Summary
Subcritical water extraction of lycopene from tomato paste was optimized using response surface methodology. The optimal extracting conditions were described as follows: 10 g tomato waste sample with 73.8 ml double-distilled water, extraction temperature 192.01 °C, and extraction time 15.80 min. The average extraction yield of lycopene was 282.36 μg/g, which was better than it of UMAE. And solvent of SWE was distilled water, which was environmental acceptability, and lower cost. The DPPH free radical scavenging activity of lycopene extract increased with its increasing concentration, and was better than that of synthetic antioxidant BHT in the study. These results indicate that SWE could be a more attractive alternative extract method with a good efficiency in the future. 
